The lowest states of ⌺ and ⌸ symmetry of Rg¯Cl ͑RgϭHe, Ne, Ar͒ complexes were investigated using the coupled cluster approach with single, double, and noniterative triple excitations ͑CCSD͑T͒͒ in an extended basis set including bond functions. The ⌺ states possess deeper minima at shorter interatomic distances than the corresponding ⌸ states. The ⌺-⌸ splittings, which for He¯Cl and Ar¯Cl are significantly larger than previously deduced, are mainly due to differences in the exchange repulsion terms. The total energies were dissected into electrostatic, exchange, induction, and dispersion components. The calculated potentials have been used in the calculations of collision properties of Rg¯Cl systems. Absolute total cross sections, spin-orbit quenching rate constants, and diffusion coefficients were evaluated from both the ab initio and previously available empirical potentials. The performance of ab initio potentials in these calculations proved to be very reasonable.
I. INTRODUCTION
The rare gas ͑RG͒-halogen complexes have enjoyed lasting interest by experimentalists because of their use in excimer uv lasers. [1] [2] [3] The interactions between these species are important in studying the dynamics of photodissociation in clusters [4] [5] [6] and solid matrices, [7] [8] [9] [10] [11] transport properties of open-shell atoms in nonreactive baths, 12, 13 and for studying the role of long-range forces in chemical reactivity.
14 The interaction of rare gas ͑RG͒ with a halogen atom has also been a necessary component of approximate diatomics-inmolecules treatment of RG-halogen molecule clusters. 10, [15] [16] [17] [18] The reliable interaction potentials are crucial for all such studies. A majority of available potentials involve krypton and xenon, [19] [20] [21] which have the largest interaction energies, leaving interactions of helium, neon, and to some extent argon relatively unexplored. The first potentials for interaction of Cl( 2 P j ) with He, Ne, Ar, and Kr obtained from molecular-beam studies were published by Aquilanti et al. 22 Hereafter we will refer to these potentials as ''empirical'' stressing their experimental origin. However, in the case of He¯Cl there were rather large error bars due to the lack of anisotropy of observed cross sections. The accuracy of these empirical potentials was also challenged by the recent ab initio calculations of the Ar¯Cl potentials by Naumkin and McCourt. 18 Clearly, there is a great need for calculating reliable ab initio potentials for Rg¯Cl systems.
Contemporary high-level ab initio calculations are known to produce, for small closed-shell van der Waals systems, potential-energy surfaces that meet spectroscopic highquality standards. Calculations of interaction energies between open-shell and closed-shell systems are somewhat more involved. Nevertheless, matching experimental accuracy is at present achievable for small systems. [23] [24] [25] [26] The first goal of this study was to calculate the state-ofthe-art ab initio adiabatic interaction potentials in the lowest states of the ⌺ and ⌸ symmetry: the X 2 ⌺ and 2 ⌸ states of RG¯Cl ͑RGϭHe, Ne, Ar͒ which correlate with the RGϩCl( 2 P) asymptote. Calculations were performed using the Mo "ller-Plesset perturbation theory ͑MPPT͒ through the 4th order ͑MP4͒, and also by means of the coupled cluster method, CCSD͑T͒. The interaction energy is partitioned into exchange, induction, and dispersion components according to the scheme adapted recently for open-shell complexes. 27 The second goal of this study was to compare the performance of the empirical and ab initio potentials of He¯Cl, Ne¯Cl, and Ar¯Cl in the calculations of their collision properties. The study of these simple systems leads to important new insights into the influence of spin-orbit ͑SO͒ coupling on the interaction potentials, collision properties, and chemical reactivity ͑see, e.g., Ref. 28͒ . The weakness of the atom-atom interaction and a short-range character of the SO coupling allows us to consider only the atomic part of the latter. 21 Therefore the crucial factor which determines the collision properties of the RG¯halogen systems is the shape of the ⌺ and ⌸ states originating from the atomic 2 P term within the nonrelativistic approximation. Three basic quantities: absolute total cross sections ͑ATCS͒, spin-orbit ͑SO͒ quenching constants, and diffusion coefficients were calculated to test the performance of the interaction potentials against the experimental data.
II. METHOD
A. Spin-orbit effects in the electronic structure of the Rg-X systems For the electronic structure of the Rg-X( 2 P) pair we adopted the model which neglects the contributions from the excited and ionized states of atoms and takes into account the atomic component of the SO interaction. This model was considered in detail by Mies 29 and widely implemented for the rare-gas-halogen atoms systems. 21, 22, [30] [31] [32] In brief, using the set of atomic functions in the ͉ j͘ representation ͑j is the total electronic angular momentum and is its projection onto the internuclear axis͒, one may build six molecular wave functions ͉ j͉͘00͘, where jϭ1/2, 3/2 and ϭϪ j,..., j refer to the halogen atom and ͉00͘ is the function of the rare gas atom ͑hereafter we skip the latter for the sake of brevity͒. In this basis set the interaction matrix U can be parametrized by the nonrelativistic potentials of the 2 ⌺
͑4͒
Diagonalization of the U matrix gives the adiabatic potential curves of the relativistic states X 1/2 , I 3/2 , and II 1/2 ͓accord-ing to the Hund case ͑c͒ classification͔:
where
Alternative expressions through the isotropic and anisotropic components of the Rg¯X( 2 P) interaction V 0 ϭ(V ⌺ ϩ2V ⌸ )/3 and V 2 ϭ5(V ⌺ ϪV ⌸ )/3 can also be used ͑see, for instance, Ref. 22͒.
B. Details of ab initio calculations
The calculations of the adiabatic potentials were performed by the supermolecular method. This approach derives the interaction energy as the difference between the energies of the dimer and the monomers:
The superscript (n) denotes the level of theory, such as UHF, MPn, etc. All the terms in Eq. ͑8͒ are evaluated within the same ͑dimer͒ basis set. This approach is equivalent to the counterpoise method of Boys and Bernardi. 33 The ⌬E UHF and ⌬E (2) ͑second-order Mo "ller-Plesset correction͒ terms are interpreted in the framework of intermolecular Mo "ller-Plesset perturbation theory ͑I-MPPT͒ which encompasses well-defined terms such as electrostatics, exchange, induction, and dispersion. The overview of the partitioning is presented in Table I . More information about the connection between supermolecular and I-MPPT terms in the open-shell case can be found in Refs. 27 and 34.
The following basis sets were used: for He the (10s6p)/͓6s4p͔ basis set of Gutowski et al. 35 was augmented by two uncontracted d-symmetry functions optimized for dispersion by Gutowski et al. 36 For Ne, Ar, and Cl the aug-cc-pvtz basis sets of Dunning et al. 37, 38 were used (͓5s,4p,3d,2 f ͔ for Ne; ͓6s,5p,3d,2 f ͔ for Ar and Cl͒. In addition, a set of ͓3s3 p2d͔ bond functions ͑sp: 0.9, 0.3, 0.1; d: 0.6, 0.2͒, was centered in the middle of the RG-Cl distance.
The calculations were carried out using GAUSSIAN 92 and GAUSSIAN 94 programs 39, 40 and the I-MPPT package TRURL 94. 41 The core orbitals were frozen in the post-SCF calculations ͑except in I-MPPT͒; however, all virtuals were included. The spin contamination was small (͗S 2 ͘ ⑀ disp (20) Dispersion energy arising between UHF monomers ͑second order͒ ⑀ es,r (12) Electrostatic-correlation energy ͑second order͒. Intramonomer correlation correction to ⑀ es (10) ⌬E def
,⌬E (4) , etc.
Higher-order correlation corrections to the terms described for ⌬E
ϭ0.7602) and remained constant over the whole range of interatomic distances. The value of ͗S 2 ͘ was also the same within the monomers and all complexes.
Assuming that the z axis coincides with the interatomic coordinate, the electron configurations of Cl in the ⌺ and ⌸ states are: p x 2 p y 2 p z 1 , and p x 1 p y 2 p z 2 , respectively. In the ⌸ state, the RG atom is aligned with the doubly occupied orbital of Cl. The resulting interaction essentially resembles that of two closed-shell atoms. On the other hand, in the ⌺ state the RG atom is interacting with a singly occupied orbital. This is a true open-shell-closed-shell interaction. The calculated equilibrium parameters ͑, R e , and D e ͒ of the RG-Cl complexes are compared with those from previous studies 18, 22 in Table II .
III. RESULTS AND DISCUSSION
A. Ab initio potentials and origins of binding
He¯Cl
The supermolecular interaction energies for the ⌺ and ⌸ states of He¯Cl are reported in Table III . The minimum of the ⌺ state occurs at 3.34 Å. Its depth, 132 E h , is almost twice as large as that of the ⌸ state minimum, 69 E h at 3.80 Å. Compared with the empirical potentials of Aquilanti et al. 22 our ⌺ state is deeper than previously estimated and the ⌸ state is shallower with its minimum shifted toward larger interatomic distances.
The I-MPPT decomposition of the ⌬E UHF and ⌬E (2) terms is presented in Table IV . The HL-exchange term, ⑀ exch HL , is in the ⌸ state roughly twice as large as in the ⌺ state. This corresponds to a difference in electron density between a doubly and singly occupied orbital. Both ⑀ es (10) and ⌬E def UHF , the UHF deformation term, are much smaller than the ⑀ exch HL term. The latter, therefore, determines the magnitude of the interaction at the UHF level of theory. It is worthwhile to note that since the Cl atom in the P state possesses a quadrupole moment, the ⌬E def UHF and the induction terms feature long-range multipole terms. In the dissociation limit the in- duction term in the ⌺ state is four times as large as in the ⌸ state. As the interatomic distance decreases, the chargeoverlap terms grow and prevail. Beginning with the intermediate interatomic distances the induction term in the ⌺ state dominates over that of the ⌸ state. ⌬E def UHF is well approximated by its exchangeless approximation, ⑀ ind,r (20) , which is typical of the He-molecule complexes. 42 The dispersion term, ⑀ disp (20) , is by far the largest contribution included in ⌬E (2) . It is also the most important attractive term in the overall interaction. Relative differences in the magnitude of the ⑀ disp (20) term in the ⌺ and ⌸ states are much smaller than in the case of the exchange terms. This leads to an almost identical behavior of ⌺ and ⌸ states at distances larger than 4 Å, where interaction is almost entirely controlled by the dispersion energy. Even for smaller distances the ⌬E (2) contribution in the ⌺ state is only about 10%-20% smaller than in the ⌸ state. The ⑀ es,r (12) and ⌬E exch (2) terms are only of secondary importance. The ⌬E (3) term is attractive and is largely canceled by the repulsive ⌬E DQ (4) term. ⌬E S (4) is attractive and smaller than either ⌬E (3) or ⌬E DQ (4) . If we compare the sum ⌬E (4) with ⌬E (CCSD) ͑the latter can be viewed as a sum of singly and doubly excited contributions summed through the infinite order of MPPT͒, we can see that the contributions from orders higher than the fourth must be very small.
The contribution of triple excitations is attractive and important. They amount to 15%-20% of the overall interaction energy and are very similar for both states. We also note that the CC noniterative triples contribution is 20% larger than ⌬E T (4) .
Ne¯Cl
The supermolecular interaction energies and decomposition of the ⌬E UHF and ⌬E (2) terms for the ⌺ and ⌸ states of the Ne¯Cl complex are presented in Tables V and VI , respectively. This system is more strongly bound than the He¯Cl complex. The minimum of the ⌺ state occurs at 3.37 Å with a depth of 260 E h ; the minimum of the ⌸ state is at 3.73 Å with a depth of 166 E h .
As in the case of He¯Cl, the UHF interaction energy is determined by the ⑀ exch HL term which is roughly twice as large in the ⌸ state as in the ⌺ state. In contrast to He¯Cl, the UHF deformation term, ⌬E def UHF , is for short and intermediate distances almost identical in both the ⌺ and ⌸ states. Only for long interatomic distances (RϾ4 Å)⌬E def UHF becomes significantly larger in the ⌺ state than in the ⌸ state, asymptotically approaching the ratio of 4. It should be noted that while the ⑀ ind,r (20) term has provided a good representation of the UHF deformation in the He¯Cl system, it is no longer the case for Ne¯Cl.
The relative differences in magnitude of the ⑀ disp (20) term are somewhat larger than in the case of He¯Cl. However, the much larger relative differences in the ⌬E exch (2) term lead to ⌬E (2) contributions being less than 20% larger in the ⌸ state than in the ⌺ state.
In the ⌺ state the ⌬E (3) term is repulsive and the ⌬E DQ (4) term is completely canceled by the ⌬E S (4) term. In the ⌸ state, on the other hand, the ⌬E (3) term is mostly attractive and together with an attractive ⌬E S (4) term almost completely cancels the repulsive effect of ⌬E DQ (4) . The triple-excitation contribution is attractive and contributes over 20% to D e . As in He¯Cl, the effect of triple excitations is very similar in the ⌺ and ⌸ states. Also, the contribution from the noniterative triples in CC is only slightly larger than ⌬E T (4) .
Ar¯Cl
The supermolecular interaction energies for the ⌺ and ⌸ states of Ar¯Cl are reported in Table VII . This system is the most strongly bound of all in this study. The minimum of the ⌺ state occurs at 3.48 Å with a depth of 778 E h ; the minimum of the ⌸ state occurs at 3.97 Å with a depth of 405 E h . Similar to the He¯Cl case, our potentials show larger ⌺-⌸ splitting than experimentally derived potentials. 22 This is due primarily to the deeper, more contracted ⌺ state.
A recent ab initio study of Ar¯Cl by Naumkin and McCourt 18 employed the aug-cc-pVTZ and aug-cc-pVQZ basis sets compared to aug-cc-pVTZ with the set of bond functions employed in the present study. Our basis set leads to minima which are ca. 10% deeper and occur at slightly shorter distances. However, the ⌺-⌸ splitting in our study and in their larger basis set is similar. A better performance of our basis set may be attributed to the presence of bond functions which have been shown to very efficiently saturate the dispersion attraction. 43 The relatively large differences in the position ͑almost 0.1 Å͒ and depth ͑15%-20%͒ of minima in their study obtained with the aug-cc-pVTZ and aug-ccpVQZ basis sets points out to the fact that their values are not yet basis-set saturated.
The I-MPPT decomposition of the ⌬E UHF and ⌬E
terms is presented in Table VIII . These terms behave analogously to those in the Ne¯Cl case with the exception of ⌬E def UHF which is larger in the ⌺ state for all interatomic distances. Unlike in lighter analogs, ⌬E (3) is sizable and repulsive in both ⌺ and ⌸ states. ⌬E DQ (4) is repulsive while ⌬E S
is attractive and small. The contribution from triple excitations to the MP theory, ⌬E T (4) , is attractive and amounts to 25% of the overall interaction energy; the contribution of the noniterative triples to the CC theory is slightly smaller ͑less than 5%͒ than ⌬E T (4) . The physical interpretation of the energetics of the two states in all the RG¯Cl interactions is the same: The ⌺ state is deeper with shorter R e due to the reduced repulsion caused by orienting a singly occupied p orbital toward RG.
B. Comparison of ab initio and empirical potentials
The empirical V 0 , V 2 potentials for the RG-Cl( 2 P) systems were determined in Ref. 22 from the ATCS measurements in the molecular beam at the collision velocities 0.5-2.5 km/s with the magnetic selection which allowed the variation of the population of the magnetic sublevels of the chlorine atom. For the HeϩCl collisions no glory oscillations were observed: ATCS is a steeply decreasing function of collision energy in the probed range. Therefore although the empirical potentials reproduce ATCS very well, the measured ATCS do not provide definite information on the interaction anisotropy V 2 , or the V ⌺ ϪV ⌸ splitting. 22 In contrast, the ATCS obtained for NeϩCl, and ArϩCl collisions are far more sensitive to the interaction anisotropy. The empirical potentials reproduce the ACTS within the experimental error bars. The adjustment of potential parameters in Ref. 22 was carried out in the adiabatic approximation, i.e., the collision cross sections were calculated for each adiabatic potential U j ͑5͒-͑7͒ separately and weighted in the ATCS according to the estimated populations of the Cl ͉ j͘ states in the beam.
The results in Table II indicate that the ab initio calculations predict significantly larger splittings in the He-Cl and Ar-Cl interactions than those obtained empirically. For Ne-Cl the ab initio splitting is slightly smaller than the empirical one. This results from a different relationship between the ⌺ and ⌸ states in these two cases: While for He and Ar the ab initio ⌺ states are deeper than empirical and the ⌸ states are shallower, for Ne the ab initio ⌺ state is slightly shallower than empirical whereas the ⌸ state is deeper.
C. Analytical potentials for the RG-Cl interactions
We devised two strategies of modeling the potentialenergy curves. The first strategy aimed at the accurate representation of both the total interaction energy and its separate short-range ͑exchange͒ and long-range ͑induction and dispersion͒ components. We refer to this potential as the Tang-Toennies-type 44 ͑TT͒ potential. Its components are directly related to the interaction energy terms, and such a form usually assures an accurate representation of the asymptotic region. To reduce the number of adjustable parameters, we also applied a second strategy, referred to as MvW, which combines the Morse potential form with the simplest long-range C 6 /R 6 van der Waals part. Such a potential has a less accurate asymptotic behavior, but within the range of calculated ab initio points it is equally accurate. Both strategies have been used for Ar-Cl and He-Cl whereas for Ne-Cl we prepared only the MvW potential.
The TT potential
The potential is composed of three parts: the short range, the multipole induction, and the multipole dispersion parts:
The multipole induction term was evaluated using the following expression:
C n ind coefficients were evaluated using the formulas listed in Ref. 45 and ab initio UHF values of quadrupole moment of Cl and dipole and quadrupole SCF polarizability of RG ͑cf. The dispersion part was approximated using the following damped expression:
are the damping functions of Tang and Toennies. 44 V disp was adjusted to ⑀ disp (20) supplemented with higher-order terms retrieved from the CCSD͑T͒ calculations:
where FC and Full refer to frozen and unfrozen core calculations, respectively. The short-range term was approximated by a simple exponential:
This term was adjusted to a sum of the HL interaction energy and other short-range terms related to UHF deformation, dispersion, and electrostatics:
In the final step, the parameters in V sr and V disp were reoptimized by fitting them to the supermolecular interaction energies ⌬E (CCSD͑T͒) . The final residuals were less than 0.3 E h for He-Cl and less than 3 E h for Ar-Cl. The final values of coefficients are collected in Table IX . ͑Unfortu-nately, the fit for He-Cl results in the unphysical negative value of C 8 .͒
The MvW potential
The MvW potential was assumed in the form
͑16͒
and xϭR/R e is the reduced distance. First, the Morse functional form V m was fitted to the points for interatomic distances shorter than the approximate inflection point distance.
Next, the effective C 6 coefficient was set to C 6 ϭV(7.0 Å) ϫ(7.0 Å) 6 . Finally, with D e , R e , b, and C 6 parameters frozen, the parameters a and R a were adjusted to yield a final optimized V f . The parameters of this fit are collected in Table X .
IV. CALCULATION OF THE COLLISIONAL PROPERTIES
Three basic quantities, ATCS, rate constant k for quenching of excited Cl( 2 P 1/2 ) atom in collisions with RG, and diffusion coefficient D, were chosen for checking the accuracy of interaction potentials against the experimental data. These properties represent a thorough probe of the three regions of the potential: the repulsive wall, the well region, and the asymptotic one. Furthermore, the SO quenching rate constant is very sensitive to the ⌺-⌸ splitting.
The ATCS data have been described previously in Sec. III B. The SO quenching rate constants at room temperature were measured by several groups, see Refs. 28, 46, 47, and references therein. The most recent and accurate data for He and Ar were presented in Ref. 28 , whereas the upper limit of the quenching rate with Ne was determined in Ref. 47 . To the best of our knowledge, the theoretical calculations of k r for our systems were carried out only by Reznikov and Umanskii 31 within an approximate semiclassical model of Preston, Sloane, and Miller. 30 These theoretical data are based on the asymptotic long-range approximations to the interaction potentials, and are of interest here mainly as in- dependent order-of-magnitude estimates for the rate constants. The gas-phase diffusion coefficients for the chlorine atom were measured in Refs. 48-50. To calculate the SO quenching rate constants we employed close-coupled equations for the matrix U, Eqs. ͑1͒-͑4͒, in the ͉jl͘ representation ͑where 1 stands for the orbital angular momentum͒. Such a representation is more convenient here than the helicity ͉ j͘ representation as shown in Ref. 29 The procedure for the calculations of cross sections for the jϭ1/2→ jϭ3/2 transition was similar to that of Becker et al. 21 Rate constants at room temperature were evaluated from the cross section measured within the 2-500 meV energy range.
The ATCS and diffusion coefficients were computed within the adiabatic approximation. For ATCS the accurate quantum phase shifts and the weighting coefficients from experimental data 22 were used. The effective diffusion cross sections were determined from the classical deflection functions. They were next integrated over the energy to obtain temperature-dependent collision integrals for each ͉ j͘ state which were summed up according to the Boltzmann distribution. 12 In all cases MvW ab initio potentials were employed.
V. RESULTS FOR THE SO QUENCHING RATE CONSTANTS, ATCS, AND DIFFUSION COEFFICIENTS
It is clear from Eq. ͑4͒ that the V ⌺ -V ⌸ splitting fully determines the nondiagonal jϭ1/2→ jϭ3/2 matrix element responsible for the probability of the collisions which include changes of j. Thus the results for the SO quenching rate constant listed in Table XI should be very sensitive to the splitting. The value obtained for He-Cl using the ab initio potentials is in excellent agreement with the best experimental value 28 and the result reported by Chichinin et al. 47 which should be considered as an upper bound. The rate constant computed with the empirical potential is almost twice as small. For the Ne-Cl and Ar-Cl systems the ab initio potentials predict much larger SO quenching rates than the empirical ones. The comparison with the experimental data is somewhat ambiguous in the Ne-Cl case since only the upper limit is available. It is likely that the same is true for the experimental value for ArϩCl because the measurements of the rates so low can be affected by the impurities of rare gases. 47 The results of asymptotic semiclassical calculations from Ref. 31 are closer to those obtained with the empirical potentials. This may stem from the fact that in both cases the same combination rules were used to determine the long-range behavior of the potential.
The theoretical absolute total cross sections in the molecular-fixed frame are plotted in Figs. 1-3 . Both the ab initio and empirical potentials yield qualitatively similar ATCS functions. Note that in the present context the ATCS calculated with empirical potentials can be considered as the experimental data. The results for ab initio potentials nicely reproduce them for He ͑Fig. 1͒ and Ne ͑Fig. 2͒, while the differences in the positions and shapes of the glory oscillations in the Ar-Cl case ͑Fig. 3͒ are relatively large and demand further studies.
The data on the diffusion coefficients are presented in Table XII . The theoretical values for both the ab initio and empirical potentials are very close to each other and to experimental data from Ref. 48 . In general, the value of the diffusion coefficient at a given temperature is not very sensitive to the quality of the potential. Its temperature dependence D(T), however, is more sensitive. It is worthwhile to note that the present calculations corroborate the values of diffusion coefficients reported in Ref. 48 .
VI. SUMMARY AND CONCLUSIONS
We have calculated the state-of-the-art ab initio potential curves for the lowest adiabatic states X 2 ⌺ and A 2 ⌸ of three RG-Cl ͑RGϭHe, Ne, Ar͒ complexes. The ⌺ states are almost twice as deep as the ⌸ states, and their minima occur at significantly shorter interatomic distances. In the cases of He-Cl and Ar-Cl the resulting ⌺-⌸ splitting is substantially larger than previously reported. 18, 22 A comparison of the interaction in the ⌺ and ⌸ states reveals a qualitatively different nature of the van der Waals bonding in these two cases. The ⌺ complex may be thought of as a complex which differs from a regular closed-shell RG-RG dimer by the removal of a single electron along the interatomic axis. The RG-X repulsion is thus weakened and the interaction is strengthened accordingly. We may call this situation an incipient chemical bond. By way of contrast, the ⌸ complex can be viewed as bound by a regular van der Waals bond, not much different from RG-RG, since the electron is removed from an orbital that is perpendicular to the interatomic axis. These conclusions are confirmed by the comparison of D e and R e of Ar-Cl with those of Ar-Ar. In the ⌸ state Ar-Cl D e amounts to 405 E h , which is indeed close to 454 E h of Ar-Ar. 51 R e is somewhat longer than that of Ar-Ar ͑by 0.2 Å͒. The ⌺ state of Ar-Cl is almost twice as deep as Ar-Ar, with R e shorter by almost 0.3 Å. In the same spirit, the He-Ar interaction may be viewed as a prototype of the ⌸ state of He-Cl. Indeed, D e of He-Ar amounts to 93 E h , 52 to be compared with 69 E h for HeCl. The ⌺ state of He-Cl has the well depth of 132 E h . It should be stressed that the difference between the ''oneelectron'' and ''two-electron'' van der Waals contact resides almost entirely in the exchange repulsion term, with the dispersion term varying little in these two states.
The above results qualitatively agree with the suggestion of Aquilanti et al. 53 that the stabilization of the sigma state primarily originates from the exchange effects. Indeed, for all RG-Cl systems under consideration the ⌺-⌸ splitting in the region of the minimum is even somewhat overestimated by the HL interaction energy term. However, our results do not support Aquilanti's model 53 in that the exchange effect with the excited ionic states is the most significant contribution to the splitting. Our calculated exchange correlation component of the above splitting, which includes interaction with the ionic states, is of secondary importance, and is largely cancelled by the dispersion contribution.
Performance of the ab initio potentials in calculations of ATCS, SO quenching rates and diffusion coefficients proved to be very reasonable. For He they appear to be superior to the empirical ones; not only did they provide almost the same velocity dependence of the total cross sections, but much better results for the SO quenching rate constant. The source of error in the empirical potentials is the insufficient information on interaction anisotropy in the ATCS. For Ne, the difference between ab initio and empirical potentials is comparable with the error bars estimated for the latter. 22 There are no reliable experimental data on the quenching rate to make a decisive comparison. For the third system, ArϩCl, ATCS computed with the ab initio potentials deviates slightly from the experimental ones, whereas the quenching rate constant obtained with the ab initio potential is much closer to the experiment than that from the empirical potential ͑although still off by an order of magnitude͒. It should be mentioned, however, that the measured k value for ArϩCl is at the limit of experimental accuracy determined by the purity of rare gas. Hopefully, present results will stimulate more experimental work on these challenging interactions. Our conclusions on the relative accuracy of empirical and ab initio potentials are consistent with ab initio results of Naumkin and McCourt for Ar-Cl 18 and He-Cl 54 and are further supported by the DIM-based study of the He-Cl 2 and Ar-Cl 2 van der Waals complexes. 55 
